Abstract: Some new heteroleptic boron derivatives of the type OCH 2 C(CH 3 ) 2 CH 2 OBO(CH 3 )C:CHC(R):N(R′)OH [where R = CH 3 , R′ = (CH 2 ) 2 (2a); (CH 2 ) 3 (2b); CH(CH 3 )CH 2 (2c), R = C 6 H 5 , R′ = (CH 2 ) 2 (2d); (CH 2 ) 3 (2e); CH(CH 3 )CH 2 (2f)] have been synthesized by the reactions of tri-isopropyl borate with bifunctional tridentate Schiff bases and 2,2-dimethyl propane 1,3-diol in 1:1:1 molar ratio in refluxing benzene. Four isomers of corresponding heteroleptic derivatives 2a, 2b, 2e and 2f having the general formula OCH 2 C(CH 3 ) 2 CH 2 OBO(R′)N:C(R)CH:C(CH 3 )OH
Introduction
During the past two decades, boron compounds especially the four coordinated having bidentate ligands such as the 8-hydroxyquinoline (Hwang et al., 2005) , pyridyl phenol (Li et al., 2005) and Schiff bases (Sharma et al., 2010) have been used as chemo sensors (Zhang and Zhang, 2005; Guliyev et al., 2009) , organic light-emitting diodes (Evans et al., 2006) , synthetic intermediate (Barba et al., 2001) , catalysts (Faller and Lavoie, 2001; Pelagatti et al., 2005; Kilic et al., 2011) and in cancer therapy (Khan et al., 1992; Shelly et al., 1992) . Consequently, much effort has been devoted to design and synthesize the boron compounds of Schiff bases to explore their broad applications. When two bifunctional (-OH) ligands interact with BX 3 metal precursor (X = Cl, OPr i ), only three of the -OH groups will be deprotonated, and one -OH group will remain protonated.
We have already reported a series of heteroleptic isomers of aluminum synthesized by adopting different synthetic routes (Sharma et al., 2003) . In continuation to our work, herein we report the heteroleptic isomers of boron-containing glycol and Schiff bases derived from amino alcohols and β-diketones. The antibacterial activity of free ligands and their corresponding heteroleptic derivatives of boron against the two pathogenic bacteria Escherichia coli and Pseudomonas aeruginosa has been evaluated. The antifungal activity of these compounds using two kinds of fungi Aspergillus niger and Pallidoplectron peniculosum has been determined, and the results are reported in this paper.
Results and discussion

Syntheses
The reactions of tri-isopropylborate, B(OPr i ) 3 with Schiff base ligand and 2,2-dimethyl propane 1,3-diol have been carried out in 1:1:1 molar ratio in refluxing benzene to yield the heteroleptic boron compounds (2a-f) (Scheme 1).
Four isomeric compounds 3a, 3b, 3e and 3f have also been synthesized by a two-step procedure. In the first step, the reaction of B(OPr i ) 3 with 2,2-dimethyl propane-1,3-diol has been carried out in equimolar ratio yielding the product . The latter is further reacted with the Schiff base ligand in equimolar ratio yielding the compounds 3a, 3b, 3e and 3f, respectively (Scheme 2).
Spectroscopic studies IR spectra
A broad band observed for ν OH (aminol group) at 3300-3600 cm -1 in the spectra of the free Schiff bases (1a-f) as well as of the heteroleptic boron complexes (2a-f) indicates that the OH group is not involved in bonding. A band for ν C = N has appeared at 1610-1630 cm -1 in all these derivatives with a small shift (10~15 cm -1 ) towards lower wave numbers compared with its position in the free ligands. This indicates the coordination of nitrogen atom to boron, which is further supported by the appearance of a new band for ν B←N at 805-820 cm -1 (Singh et al., 1986) . Disappearance of a weak broad enolic ν C-OH band (observed in the spectra of the ligands in the range of 2700-3000 cm -1 ) in the spectra of 2a-f derivatives revealed the deprotonation of the enolic OH. A band for ν C-O in the boron compounds as well as in the free ligands has been observed. A shift observed in the position of the ν C-O band towards lower wave number as compared to the free ligands indicates that the enolic oxygen atom is bound to the boron atom, which is supported by the presence of a new ν B-O band at 1280-1285 cm -1 (Coltthup et al., 1995) . Except the ν OH (aminol group) stretching band, all these bands have also been observed for the compounds 3a, 3b, 3e and 3f. This revealed the deprotonation of aminol group during complexation, whereas the enolic -OH (observed at 2700-3000 cm -1 ) remained free in the 3a, 3b, 3e and 3f isomeric form.
H NMR spectra
In the spectra of the boron complexes 2a-f the absence of enolic proton signals which are present at δ 10. 75-11.49 in the spectra of the free ligands indicates the deprotonation of enolic -OH group during complexation and formation of B-O bond. The presence of aminol-OH signal at δ 4.06-4.86 in the boron compounds as well as in the free ligands without any shift shows that the aminol-OH moiety is not involved in bonding. Glycolic -OH signals (δ 3.8-4.5) are also absent in the spectra of all these compounds indicating the deprotonation of both glycolic OH protons during complexation (2a-f). In the spectra of compounds 3a, 3b, 3e and 3f the enolic C-OH protons are observed at δ 10.54-11.35, and aminol OH proton is absent. All other signals in the spectra of compounds 2a, 2b, 2e and 2f are present at their expected positions (Table 1) . This indicates that these compounds (3a, 3b, 3e and 3f) are isomers of their corresponding 2a, 2b, 2e and 2f derivatives.
C NMR spectra
The spectra of the boron derivatives 2a-f exhibit signals for the enolic carbon atoms C-O in the range between δ 191.53 and 194.79 with a downfield shift of ~5-7 ppm as compared to its position in the spectra of free ligands, supporting the involvement of this group in bonding. Signals for the azomethine carbon atoms (C = N) were observed between δ 163.16 and 171.97 with a small downfield shift of 2-5 ppm as compared to their position in the corresponding Schiff base ligands. This shows the bidentate nature of the ligands. The signals for the CH 2 OH and OCH 2 C(CH 3 ) 2 O carbon atoms were observed between δ 58.18 and 71.99 and between δ 71.02 and 77.90, respectively. All alkylene carbon atoms were observed at their usual position as shown in Table 2 . In the spectra of 3a, 3b, 3e and 3f complexes, signals for enolic carbon ( > C-OH) have been observed at δ 186.21-189.56 with large up-field shift as compared to 2a, 2b, 2e and 2f complexes, respectively. This indicates that enolic-OH is not involved in the chelation in the 3a, 3b, 3e and 3f isomeric forms of the 2a, 2b, 2e and 2f derivatives, respectively.
B NMR spectra
The 11 B NMR Spectra of a few representative boron compounds 2a, 2d, 3a and 3e have been recorded. The spectra exhibit a sharp singlet in the range δ -16.86 to -17.97 with reference to trimethyl borate, which is consistent with the presence of tetracoordinated boron atom (Groziak et al., 1994; Hughes and Smith, 1997) .
Fab mass spectra
Fab-mass spectral data of one heteroleptic boron compound and its isomer (2a and 3a) have been recorded, which shows the monomeric nature of these compounds. The fragmentation pattern is summarized in Tables 3  and 4 , respectively. The mass peaks indicate the formation of a variety of fragments during the course of decomposition. In both compounds (2a and 3a) molecular ion and base peak are observed at m/z 255 and 112, respectively. In both compounds fragmentation initiates in the same manner by the loss of methyl group. Here first the decomposition of Schiff base moiety takes place followed by the decomposition of glycolic moiety in both cases. This indicates that in compounds 2a and 3a the bonding between the glycolic moiety and boron is found to be stronger than the boron and Schiff base moiety. We get [OCH 2 B] + fragment as a final decomposition product in both the compounds, showing strong bonding of boron with glycolic moiety.
Structural elucidation
In view of the above mentioned spectroscopic data for compounds 2a-f the structure having monofunctional bidentate Schiff bases (which is clear from the presence of aminol-OH in the 1 H NMR spectra of these compounds) and bifunctional bidentate glycolic moiety with tetracoordinated boron may be proposed for these heteroleptic boron derivatives. However, the spectra of the compounds 3a, 3b, 3e and 3f indicate the presence of enolic-OH instead of aminol-OH (present in the spectra of 2a-f), whereas glycol moiety behaves as bifunctional bidentate moiety in all compounds. Thus, the four compounds 3a, 3b, 3e and 3f (Figure 1, left) are the isomers of compounds 2a, 2b, 2e and 2f (Figure 1, right) . 
Antimicrobial activity
The ligands (1a-f) and their corresponding boron compounds (2a-f) have been screened for antimicrobial activities. The details of antibacterial and antifungal activities are summarized in Tables 5 and 6 , respectively. It is clear that the boron chelates exhibit higher antimicrobial activity than that of the free Schiff bases. The complexes are found to be more susceptible towards the bacterial strains as compared to the fungal strains. Results of antibacterial activities (Figures 2 and 3) indicate that gram negative bacteria P. aeruginosa is more susceptible to compounds than gram negative E. coli, which may be explained by the fact that E. coli has an outer membrane that contains hydrophilic polysaccharide chains as a barrier to hydrophobic compounds. In antifungal activities (Figures 4 and 5) A. niger is found to be more resistant than P. peniculosum towards boron compounds. The enhanced activity of the 
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Test organism The values given in bold font are of standard. Therefore, all the other experimental values are compared with the standard values. boron complexes compared to the free ligand may be explained by Tweedy's chelation (Tweedy, 1964) theory. According to this theory, chelation reduces the polarity of the metal atom mainly because of the partial sharing of its positive charge with the donor group and possible electron delocalization over the whole ring. This increases the lipophilic character of the metal chelate, which favors permeation through lipid layers of cell membranes. Since these complexes inhibit the growth of fungi, it is assumed that the protonation of ATP and enzymes is being affected by compounds in fungi, as they are unable to utilize food for themselves, or intake of nutrient decreases and subsequently growth decreases. In both microbial activities, the higher the concentration of compounds, the more enzymes become inhibited, leading to a quicker death of the organism as shown in Figures 6 and 7 . It indicates the medicinal value of the compounds against bacterial and fungal diseases.
Conclusions
Six new heteroleptic derivatives of boron (2a-f) and their corresponding isomers 3a, 3b, 3e and 3f have been synthesized and characterized. The interesting features were observed in the bonding behavior of Schiff base ligand moiety. In the 2a-f derivatives, Schiff base ligands behave as monofunctional bidentate moiety leaving free aminol -OH group, whereas in isomeric compounds 3a, 3b, 3e and 3f (prepared by different route) Schiff base ligands behave as monofunctional bidentate moiety leaving free enolic -OH group, and the glycolic ligand moiety behaves as bifunctional bidentate moiety in all the compounds 2a-f as well as in their isomers (3a, 3b, 3e, and 3f). The structure for heteroleptic boron derivatives 2a-f with their respective isomers 3a, 3b, 3e and 3f, having different bonding behavior of Schiff base moiety has been suggested in which boron is tetracoordinated (Figure 1) . The spectroscopic evidences suggest that the compounds 2a, 2b, 2e and 2f are isomers of compounds 3a, 3b, 3e and 3f, respectively. With respect of the antimicrobial activity, the boron complexes (2a-f) were found to be more active than the corresponding free Schiff base ligands. The activity increases as the concentration increases.
Experimental Materials and methods
The solvents used in the syntheses were purified and dried by standard procedures. Bifunctional tridentate Schiff bases have been prepared by the condensation reaction of β-diketones with appropriate amino alcohols. Tri-isopropylborate has been prepared by literature method. 2,2-Dimethyl propane-1,3-diol (Aldrich, USA) was distilled prior to use. Isopropanol in azeotrope was estimated oxidimetrically (Vogel, 1989) . Boron was estimated as methyl borate (Vogel, 1989 ). Elemental analysis C, H and N were performed on Perkin-Elmer 2400 . The FAB-mass spectra of two representative compounds were recorded on Joel-SX 102/Da-600 mass spectrometer (Jeol Corporation, Akishima, Tokyo, Japan). Since the synthetic procedure for all these compounds (2a-f) is the same, for the sake of brevity details of only one compound of each series is given, and the analytical data as well as preparative details of the rest of the compounds are summarized in Table 7 .
Synthesis of complex
OCH 2 (CH 3 ) 2 CH 2 OBCOCH 3 CHCH 3 CN (CH 2 ) 2 OH (2a)
A benzene solution (~50 mL) containing tri-isopropylborate (2.21 g; 11.7 mmol), Schiff base ligand HOC(CH 3 ): CHC(CH 3 ):N(CH 2 ) 2 OH (1.68 g; 11.7 mmol) and 2,2-dimethyl propane 1,3-diol (1.22 g; 11.7 mmol) in 1:1:1 molar ratio was refluxed on a fractionating column. Isopropanol formed during the reaction was continuously removed as benzene-isopropanol azeotrope and estimated periodically to Ligands and heteroleptic boron compounds S t a n d a r d Table 7 .
Antimicrobial activities
Antibacterial and antifungal activities of ligands (1a-f) and their heteroleptic boron complexes (2a-f) are tested against two bacterial and two fungal strains using paper disc method. Zenthamycin was used as standard drug at four different concentrations (a) 50, (b) 100, (c) 150 and (d) 200 ppm. The bacterial strains E. coli MTCC 1089 and P. aeruginosa MTCC 1034 were used, and a similar procedure is followed for the antifungal activity against A. niger and P. peniculosum. The ligands (1a-f) and their corresponding boron derivatives were screened for antimicrobial activity in vitro against fungi (i.e. A. niger, P. peniculosum) and bacteria (i.e. P. aeruginosa, E. coli) using paper disc method. The nutrient agar medium (peptone, potato extract, NaCl and agar-agar) and 6 mm diameter paper disc (Whatman No. 1) have been used in this method. Test samples of ligands (1a-f) and their boron compounds in 50, 100, 150 and 200 ppm concentration were prepared in methanol. Filter paper discs were soaked in different test samples of compounds. After drying, paper discs were placed in petri dishes which were already seeded with test organisms. The petriplates with these discs were incubated at 37°C for 24 h in case of bacteria and 48 h at 27°C for fungi. During incubation the complex diffused from the filter paper into the medium. The activity of the complexes was assessed by measuring the diameter of the inhibition zone in mm as shown in Tables 5 and 6. 
